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Pablo Pazmiño
Abstract
The cervical hybrid arthroplasty is a surgical option for appropriately indicated 
patients, and high success rates have been reported in the literature. Complications 
and failures are often associated with patient indications or technical variables, and 
the goal of this chapter is to assist surgeons in understanding these factors.
Keywords: cervical hybrid arthroplasty, cervical disc arthroplasty, disc replacement, 
artificial disc replacement (ADR), cervical artificial disc replacement (C-ADR), 
anterior cervical discectomy and fusion (ACDF), radiculopathy, myelopathy,  
cervical degenerative disc disease, cervical disc herniation, herniated disc
1. Introduction
Spine surgeons and patients together are confronted with several surgical options 
when managing cervical pains which have not responded to conservative treatment 
options. Multilevel cervical disc pathology is defined as two or more segments of the 
cervical spine that have herniated, or degenerated, which are subsequently causing 
significant axial pain with radiculopathy, resulting in disability and a loss of produc-
tivity. Anterior cervical discectomy and fusion (ACDF) is considered the gold stan-
dard treatment for multilevel cervical spondylosis. However there are some long term 
drawbacks involving the development of subsidence, pseudarthrosis and the degen-
eration of adjacent segments [1–4]. Cervical artificial disc replacement (C-ADR) 
has been demonstrated to be a safe and effective means of treating single-level or 
multilevel cervical disc pathology by several prospective studies from the United 
States Food and Drug Administration and by some meta-analyses [5–11]. In patients 
who have multilevel pathology, there is a growing enthusiasm towards definitive 
management in the form of a cervical hybrid arthroplasty [12–15]. The cervical hybrid 
arthroplasty is a procedure wherein an artificial disc replacement can be placed at one 
level, with a cervical fusion device implanted at another nearby injured disc. Figure 1.
2. Methodology
2.1 Indications
While indications for both fusions and arthroplasty are always in a state of flux cer-
tain considerations can be made to this point. Both implants share similar clinical goals 
of decreased pain with increased function, and therefore there is considerable overlap 
in regards to their surgical indications. As a general rule both fusions and arthroplasty 
can be indicated for any skeletally mature patient who has neck pain and/or radicu-
lopathy which has failed a course of six weeks of conservative nonoperative therapy. 
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Nonoperative treatments vary among medication, therapy, traction, chiropractic, 
acupuncture, activity modification, epidural injections and pain management.
Cervical hybrid arthroplasty Inclusion Criteria:
• Has cervical disc pathology at two [2] cervical levels (from C3 C7) requiring 
surgical treatment and involving intractable radiculopathy, neck pain and/or 
myelopathy.
• Has a herniated disc and/or osteophyte formation at each level to be treated 
that is producing symptomatic nerve root and/or spinal cord compression. The 
pathology correlates directly with documented findings on patient history and 
exam (e.g., neck pain with arm pain, functional deficit and/or neurological 
deficit), and the requirement for surgical treatment is confirmed by imaging 
studies (e.g., MRI, CT, x-rays, etc.).
• Has the presence of progressive symptoms or signs of nerve root/spinal cord 
compression despite continued non-operative management.
• Has no prior surgical intervention at the involved levels or any subsequent 
planned/staged surgical procedure at the involved or adjacent level(s).
• The cervical disc arthroplasty implant can be considered for symptomatic 
patients within the earlier stages of disc pathology, prior to bony collapse and 
significant spurring in order to limit postoperative heterotopic ossification.
• Must be at least 18 years of age and be skeletally mature at the time of surgery
Figure 1. 
The cervical hybrid arthroplasty.
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2.2 Contraindications
Often with cervical pathology a fusion based implant is warranted, so for the 
purpose of this chapter we will set our focus on contraindications specific to the 
arthroplasty implant.
• Advanced abnormal changes such as bony collapse at the proposed surgery 
level.
• Advanced degeneration or trauma to the facet joints on the back of the spine.
• An active systemic infection or infection at the surgical site.
• An unnatural shape (e.g. hyperkyphosis deformity, hyperlordosis deformity) 
of the neck.
• A known allergy to titanium, stainless steel, polyurethane, polyethylene or 
ethylene oxide residuals.
• A known allergy to PEEK, ceramic, or the given implants requisite metallurgy.
• Has documented or diagnosed cervical instability relative to adjacent segments 
at either level, defined by dynamic (flexion/extension) radiographs showing:
• Sagittal plane translation >3.5 mm, or
• Sagittal plane angulation >20°;
• Has severe pathology of the facet joints of the involved vertebral bodies.
• Has been previously diagnosed with osteopenia or osteomalacia.
• Has been previously diagnosed with diagnosis of osteoporosis.
• If the level of bone mineral density is a T score of −1.5 or lower.
• Has presence of spinal metastases.
• Has overt or active bacterial infection, either local or systemic.
• Has chronic or acute renal failure or prior history of renal disease.
• Has received drugs or therapies that may interfere with bone metabolism 
within two weeks prior to the planned date of spinal surgery (e.g., chemo-
therapy, radiation, steroids or methotrexate), excluding routine perioperative 
anti-inflammatory drugs.
• Has a history of an endocrine or metabolic disorder known to affect osteogen-
esis (e.g., Paget’s Disease, renal osteodystrophy, Ehlers-Danlos Syndrome, or 
osteogenesis imperfecta).
• Has a condition that requires postoperative medications that interfere with the 
stability of the implant, such as steroids, chemotherapy, or radiation. (This 
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does not include low-dose aspirin for prophylactic anticoagulation and routine 
perioperative anti-inflammatory drugs).
• Has a history of heterotopic ossification [16, 17].
• Has a history of a prior failed or delayed fusion at the proposed arthroplasty level.
3. Implants
3.1 Arthroplasty implants
Since 1955 there have been several accounts of a variety of implants which were the 
harbinger of the modern day cervical arthroplasty. Initial reports of disc replacements 
ranged from methylmethacrylate injections to unconstrained spheres composed of 
various substances ranging from silicone, rubber, and stainless steel [18–20]. Early 
arthroplasty designs never achieved much in the form of widespread practical applica-
tion as they were forsaken after sparse clinical use. However, early success with lumbar 
disc replacements ushered in a new era of spinal arthroplasty in the cervical spine. 
In 1991 the Bristol/Cummins disc is credited as the first of the modern articulating 
Cervical Artificial Disc Replacement (C-ADR) devices which was implanted in 20 
patients and was reported to be functional in several for as long as 12 years postopera-
tively [21]. Since then an array of designs have flooded the marketplace with materials 
ranging from metal-on-metal, metal-on-plastic, non-articulating metal bonded to 
plastic, plastic embedded in cloth, polymer fibers wound around a polycarbonate 
urethane core, and PEEK on PEEK [17, 22–24]. Despite a wide array of designs and 
formulations, manufacturers have been unable to emulate and reproduce the mechani-
cal and load bearing properties of the innate human disc. Therefore the various axial 
and shear loads are still being transferred to the index and neighboring adjacent levels. 
In order to offset these loads different bearing designs have been conceived, each of 
which vary based on the amount of impedance, restraint and stability they confer to 
the spinal unit and dorsal facet joints. Implants without any mechanical impedance 
built in are considered unconstrained and allow for significant mobility while sacrific-
ing some implant stability. Constrained devices impede movement of the spinal unit 
within the range of normal physiologic motion and infer greater implant stability 
by removing shear forces on the facet joints, but in turn place significant stress on 
the surfaces at the vertebral endplate-implant junction. Semiconstrained implants 
allow motion just outside the physiologic norm in effort to theoretically decrease the 
mechanical stresses felt at both at the facet joints and the interface between the implant 
and the bony surfaces. While often successful, these varied designs have also brought 
with them a concomitant range of complications with documented occurrences of 
extrusions, heterotopic ossification, osteolysis, and hardware failure [16, 23, 25–28].
3.2 Fusion implants
Following implantation of the disc replacement a successful cervical hybrid arthro-
plasty is conditional upon a solid foundation in the form of the adjacent fusion. Fusion 
implants can be grouped into stand alone versus standard plate and interbody cage 
designs. Often Allograft, Carbon fiber, Polyetheretherketone (PEEK), and titanium 
(Ti) have been designated for interbody cage designs. Each material varies in regards to 
their unique biocompatibility, surface topography, osseointegration, and imaging char-
acteristics. Some implant manufacturers are also borrowing traits from other designs in 
efforts to improve upon attributes they lack. For example some designers are taking the 
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once inert PEEK cage and bio-actively coating them with either Hydroxyapatite (HA) 
or Ti, creating a composite design in efforts to improve osseous integration.
4. Surgical rationale and decision making
4.1 Implant placement and rationale
The cervical hybrid arthroplasty provides the unique opportunity where with 
one procedure the surgeon can address an area of junctional kyphosis while simul-
taneously preserving motion at a neighboring disc. When considering all scenarios 
for a cervical hybrid surgery, there should be a consistent rationale in regards to 
which level to fuse and in which level to place the arthroplasty.
For the most part there are some straightforward scenarios which dictate which 
level warrants the cervical fusion implant. If one disc is entirely collapsed, dem-
onstrates significant bony spurs, and/or heterotopic ossification, this level would 
assuredly justify the fusion implant. If the operative level lies within the inferior 
aspect of the spine (i.e. Cervical 6–7, C7-T1) sufficient reasoning exists towards 
the insertion of a fusion spacer at this level as opposed to an arthroplasty. This is 
because along the inferior limb of the cervical spine, the sub adjacent interspace 
levels are morphologically larger and well documented as demonstrating less motion 
[29–31]. Their size and innate stiffness coupled with the stability conferred by their 
adjoining anatomy makes these levels are ideally suited towards forming the founda-
tion of the hybrid construct and bearing any subsequent transferred loads [31–33]. 
By contrast, the interspaces along the more cephalad aspect of the spine (Cervical 
2–3, Cervical 3–4) routinely comprise a smaller footprint and consequently can 
only accommodate a smaller implant. As a result these smaller interspaces are often 
ideally suited towards fusion spacers which tend to come in more sizes and options. 
Furthermore if there is any indication of ongoing myelopathy or an underlying con-
tiguous myelomalacia, this level would best be served with a fusion implant which 
would provide a stable postoperative environment. Otherwise in patients who have 
myelopathy only those without instability and symptoms due to soft disc hernia-
tions with or without minor spurs would be good candidates for an arthroplasty.
The core principle behind all arthroplasties is their perceived objective, once 
implanted, towards minimizing the biomechanical stresses placed on adjacent 
levels. With this in mind deciding which level should obtain the arthroplasty device 
is of paramount importance. As a rule of thumb, all efforts are geared towards 
placing the arthroplasty at the top of the overall construct in order to minimize 
stress at the superior neighboring and often more mobile disc [29, 34]. When this 
is not possible, in a circumstance where there are three disc herniations and the 
decision has been made only to operate on two of the discs because they are the only 
symptomatic levels, then the arthroplasty should be placed at the level nearest the 
third disc in hopes of preventing it from further deterioration. Studies have shown 
that the arthroplasty implant would limit transmission of angular, horizontal, and 
translation forces experienced by the adjacent third level disc [35–40].
4.2 Sequence of implantation
The sequence of implantation should be considered well in advance during the 
preoperative planning phase in order to limit complications. During insertion, 
tapping of the implants with the mallet can lead to an aggravation of an underlying 
stenotic area, or the migration and loosening of a previously inserted prosthesis 
[41, 42]. In order to avoid this for all cervical hybrid arthroplasty procedures a 
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thorough decompression of all the intended disc spaces should be performed 
prior to any implant insertion, with priority given to the most stenotic level. In all 
circumstances the C-ADR should be implanted prior to the ACDF portion of the 
procedure. If implanting more than one arthroplasty, all trialing, rasping, drilling 
for both prostheses should be performed prior to C-ADR implantation [41, 43].
5. Surgical technique and pearls
5.1 Patient positioning
Patients commonly notice posterior neck pain following disc arthroplasty. The 
pain can be a result of surgical positioning, intraoperative distraction on the facet 
joints and capsules, or an indirect distraction on the endplates from the implant 
itself. Often these implants are inserted with a considerable amount of force so in 
order to limit the unsupported transfer of these forces to the paraspinal muscu-
lature and facet joints, a properly contoured support should be placed along the 
posterior aspect of the neck. Figure 2a.
5.2 Surgical approach and discectomy
The cervical hybrid arthroplasty is performed in the supine position under 
general anesthesia. A transverse incision in line with the planned arthroplasty level 
is employed for two- or three- level hybrid procedures Figure 2a. Alternatively a 
longitudinal incision can be used for a more extensive procedure such as a mul-
tilevel procedure requiring corpectomies at the fusion level. Implantation of the 
arthroplasty always demands optimal visualization and therefore the incision 
should be inline with the proposed arthroplasty interspace while taking into con-
sideration both the trajectory needed and the requisite instrumentation Figure 2b. 
With that in mind following the skin incision, a standard Anterior Smith Robinson 
approach provides sufficient access to whichever interspace the surgeon plans to 
address first. After complete discectomy the endplates are denuded of all carti-
laginous tissue with curettage prior to removal of any posterior uncinates or bone 
spurs. Prior to its removal the posterior longitudinal ligament is inspected for any 
tears or defects, which may give rise to sequestered fragments causing impingement 
on the thecal sac or neuroforamina. Once the discectomy has been performed care 
should be taken to remove any anterior or posterior osteophytes in order to contour 
the interspace inline with the proposed implant, and in doing so ensure a secure fit.
5.3 Measuring intraoperative depth
The width and depth of the intended arthroplasty can be assessed prior to even 
selecting a trial with the placement of an intraoperative ruler. Figure 3a, b.Video 1. 
Predetermination of the dimensions of the trial for the arthroplasty can easily be 
attained in this manner and thereby avoids catastrophic implant or trial related 
complications and consequences [42].
5.4 Midline placement
During a cervical hybrid arthroplasty the C-ADR implant should routinely be 
placed first so no adjacent plate or hardware obstructs any anatomic or fluoroscopic 
visualization. In order to secure proper midline positioning during intraoperative 
placement some arthroplasty implants have instrumentation designed to help verify 
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Figure 2. 
(a) The cervical spine is supported here with a foam cushioned pillow, often used by the anesthesiologists when 
placing the patients in a prone position. In this case the foam cushion supports the neck by acting as a counter 
force to any horizontal translational or shear forces at play during final implant tapping and placement. Here 
a cervical bite block is used and a 10 lb. weight allows for axial traction through a neck holster. During surgery 
this same neck holster can be pulled by the anesthesiologist to allow indirect distraction of the interspace and 
therefore ease placement of the prosthesis and fusion spacers intraoperatively. The C-arm, pictured here, is 
left in the lateral position for the majority of the case. (b) Coincidentally the cushion also provides a stable 
surface where needles can be placed to confirm the length of the surgical incision for a longitudinal skin incision 
preoperatively.
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the ideal location. This is important because minimizing prosthetic deviation to 
within 1.2 mm of the ideal center midline position, has been shown to ensure no det-
rimental clinical outcomes or long term repercussions [44]. In order to secure proper 
midline positioning first a collinear Anterior Posterior (AP) fluoroscopic view must 
be secured in line with the intended interspace (Figure 4). Once an appropriate 
image has been obtained, accurate midline positioning of the prosthesis can be 
confirmed (Figure 5a-c). In order to confirm proper midline positioning attention 
should be made towards discrete morphological and anatomical landmarks. First 
with visual inspection, confirming equidistant placement of the trial in regards to 
the longus coli. On fluoroscopy the spinous processes should lie en face and midline 
with respect to their corresponding vertebral bodies. The edges of the trial should 
lie equidistant with respect to each of the ascending bilateral uncinate joints. Final 
midline placement can be confirmed with fluoroscopic visualization. Figure 5a.
5.5 Measuring fluoroscopic depth
Most implant trials come with a drill, chisel, or similar device used to cut grooves 
in the vertebral body for insertion of the final implant. In order to confirm final 
implant placement the final imaging obtained while trialing can be compared with 
the spinal implant to confirm final and accurate positioning (Figure 6a-c).
5.6 Final implantation
After midline confirmation under fluoroscopy of the arthroplasty attention 
should be made towards sealing any exposed cancellous surfaces with bone wax in 
Figure 3. 
(a) A standard ruler is cut to 16 mm and this ruler can then be placed within the interspace to evaluate the 
depth of the trial, and therefore implant needed. (b) This ruler can then be placed within the interspace to 
evaluate the width of the trial, and therefore implant needed.
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order to prevent heterotopic ossification. Next retractors can be repositioned at the 
adjacent level for placement of the fusion implant in standard fashion. If using a 
plate attention should be paid towards the proximity of the plate in regards to the 
adjacent disc space as this has be found to be the critical determinant of adjacent 
level heterotopic ossification. [45, 46]
Figure 4. 
Ferguson view is an AP view of the cervical disc space taken with opening of collimation and caudal tilt 
angulation of the x-ray tube 30° to 35°.
Minimally Invasive Spinal Fusion
10
Figure 5. 
(a) Proper midline positioning of the prosthesis can be confirmed fluoroscopically with placement of a nerve hook 
within the instrumentation until a center center “field goal” view is obtained. The nerve hook is clearly bisecting 
the flanges of the trial. Drilling in this orientation will lock in an appropriately midline positioned implant. (b) 
Improper midline placement: Here the nerve hook is no longer bisecting the flanges of the implant which confirms 
the implant is malrotated towards the right, the retractor needs to be loosened and repositioned so that the trial can 
be repositioned accordingly. (c) Improper midline placement: Here the nerve hook is no longer bisecting the flanges 
of the implant which confirms the implant is malrotated towards the left and needs to be repositioned accordingly.
Figure 6. 
(a) Prior to removal of the trial, discrete measurements can be taken to confirm the exact depth of the insertion 
of the drill bit. Measurements are obtained from the tip of the drill to the posterior margin of each vertebral 
body. (b) This depth can then be compared to the implant positioning as tapping occurs to confirm final 
placement of the arthroplasty. Measurements are obtained from the tip of the implant to the posterior margin 
of each vertebral body. (c) A final xray and measurements can be obtained to ensure the final implant has not 
moved after removal of the instrumentation. This will help confirm if any final tamping needs to be performed.
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6. Case studies
6.1 Case 1 C56 ADR C67 ACDF
51 year old female who presents with cervical pains which she describes as 80% 
neck pain and 20% arm/shoulder pain, which is 100% left-sided in a C6 and C7 
distribution. MRI of the cervical spine demonstrated a C5-C6 3 mm disc herniation 
with facet arthropathy and severe bilateral foraminal stenosis Figure 7a,b. At C6-C7 
a 2 mm left paracentral disc protrusion was noted with severe bilateral foraminal 
stenosis Figure 7c. For her pain, the patient had tried a prolonged course of con-
servative management in the form of physical therapy, heating pads, and ice packs. 
She had tried medications in the form of NSAID’s, muscle relaxants and narcotics. 
She had consulted with pain management and undergone injection procedures in 
the form of transforaminal epidural injections at C56 and later at C67, which each 
Figure 7. 
(a) Sagittal MRI of the cervical spine demonstrated a C5-C6 and C67 disc herniations. (b) Axial MRI of 
the cervical spine demonstrated a C5-C6 bilobed herniation with severe bilateral foraminal stenosis. (c) At 
C6-C7 a 2 mm disc protrusion was noted with severe bilateral foraminal stenosis. (d) AP Xray artificial 
disc replacement at C56 and anterior cervical discectomy and fusion at C67. (e) Lateral Xray artificial disc 
replacement at C56 and anterior cervical discectomy and fusion at C67.
Minimally Invasive Spinal Fusion
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provided one hundred percent pain relief and lasted for one month. Patient under-
went an uncomplicated Artificial Disc Replacement at C56 and Anterior Cervical 
Discectomy and Fusion at C67, and has since noted complete resolution of her 
symptoms Figure 7d, e.
6.2 Case 2 C45 ACDF C56 ADR C67 ACDF
48 year-old female who presented with 95% neck pain and 5% shoulder pain, 
which is 50% right-sided and 50% left, sided in a C5, C6, and C7 distribution. 
MRI of the cervical spine demonstrated at the C4-C5 level moderate central spinal 
Figure 8. 
(a, b) Sagittal MRI of the cervical spine demonstrated herniations at the C4-C5, C56, C67. (c) Axial MRI of 
the cervical spine demonstrated C45 large disc herniation with neuroforaminal stenosis. (d) Axial MRI of the 
cervical spine demonstrated 56 eccentric disc herniations with left sided neuroforaminal stenosis. (e) Axial MRI 
of the cervical spine demonstrated C67 eccentric disc herniation with right sided neuroforaminal stenosis. (f) 
AP Xray artificial disc replacement at C56 and anterior cervical discectomy and fusion at C45, and C67. (g) 
LATERAL Xray artificial disc replacement at C56 and anterior cervical discectomy and fusion at C45, and C67.
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canal stenosis, a 4 mm disc protrusion with moderate-to-severe neural foraminal, 
narrowing bilaterally and impingement on the exiting nerve roots bilaterally 
Figure 8a-c. At the C5-C6, level, there was a 4 mm left paracentral disc protrusion 
with severe neural foraminal narrowing on the left and moderate foraminal nar-
rowing on the right. There is impingement on the exiting nerve roots bilaterally 
greater on the left than the right Figure 8d. At the C6-C7 level, there was a 5 mm 
right paracentral disc protrusion with severe neural foraminal narrowing on the 
right with impingement on the exiting nerve roots on the right Figure 8e. There is 
moderate neural foraminal narrowing on the left and moderate central spinal canal 
stenosis. For her pain, the patient had tried a prolonged course of conservative 
management in the form of physical therapy, chiropractic treatment, heating pads, 
and ice packs. She had tried medications in the form of NSAID’s, muscle relaxants 
and narcotics. She had consulted with pain management and undergone three injec-
tion procedures in the form of transforaminal epidural injections at C45, C56 and 
later at C67, each of which provided seventy percent pain relief and lasted for one 
to three months. Patient underwent an uncomplicated Artificial Disc Replacement 
at C56 and Anterior Cervical Discectomy and Fusion at C45 and C67, and has since 
noted resolution of her symptoms Figure 8f, g.
7. Conclusions
In properly indicated patients, with meticulous preoperative planning and 
sound surgical technique, cervical hybrid arthroplasty offers an excellent surgical 
option and is a safe and effective alternative to multilevel fusion for the manage-
ment of cervical radiculopathy and myelopathy.
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